The use of narrow diameter implant to retain an implant overdenture could be the treatment of choice to restore resorbed mandibular ridge, however its success or failure depends on the amount of stresses transferred to the surrounding bone via the selected attachment system. The goal of this study was to evaluate the stress distribution around two narrow-diameter titanium-zirconium implants retaining mandibular overdenture with novel Novaloc attachment system in comparison with traditional locator attachment using 3 D finite element analysis Materials and methods: Two 3D finite element models were prepared simulating completely edentulous mandibular ridge with complete overdentures supported by two narrow diameter implants in the canine region. Model 1, represented implants with locator attachment while Model 2, represented implants with Novaloc attachment. The models' components were created on a commercial CAD/CAM package then imported to finite element software. Load of 100 N was applied on molar area of the mandible vertically and oblique Load of 50 N at 30º and 45º angle.
INTRODUCTION
Currently, rehabilitation of edentulous arches with implant-supported or implant-retained overdentures is considered a predictable and successful treatment modality. It provide better retention and stability, improving function and esthetics as well as preserving the residual bone, especially in the mandible. 1--3 Numerous longitudinal studies, have approved that implant-supported overdentures provide satisfactory results with only two mandibular implants. [4] [5] [6] Further, it is generally accepted that two implant-supported overdenture treatment is the classical standard of care for an edentulous mandible, rather than conventional complete denture. 7, 8 Titanium has been used successfully as an implant material due to its excellent biocompatibility and mechanical properties. However, when used as reduced-diameter implants, the risk of fracture is increased. 9 However dental implants made from Titanium zirconium alloys with 13%-17% zirconium have better mechanical properties, such as increased tensile and the fatigue strength, compared to pure titanium. Therefore, it is used in production of narrow diameter implants and implant components that can be subjected to high strains. 10, 11 In addition, titanium-zirconium alloy showing obvious decrease in ion release , which explain its more inert and biocompatible behavior in comparison with commercially pure Titanium. Roxolid implants were developed recently by Straumann, which made from a high-performance alloy composed of 85 % titanium and, 15 % zirconium. This binary TiZr alloys have been shown to achieve good osseointegration and high success rates both in animal and in clinical studies. [12] [13] [14] [15] Crestal bone-height changes, soft tissue parameters between small-diameter implants made of titanium/zirconium (TiZr) alloy or of Grade IV titanium (Ti) ,were evaluated in edentulous mandibles restored with removable overdentures. Implant suc-cess and survival were also assessed .similar outcomes were found between Ti Grade IV and TiZr implants ,where no significant differences were found between the two implant types for bone-level change, soft tissue parameters, survival and success. 16 Various commercially available attachments could be used to retain an implant overdenture, i.e., stud, bar, magnetic and telescopic attachment. Stud attachments are classified into resilient and non-resilient attachments based on its behavior during function. Stud attachments include o-ring, ball, ERA and locator attachments. 17 The locator attachment system is a resilient, non-splinted, low profile attachment. Its short profile distance was considered an advantageous and was related to the reduction of load transfer to the implant through reducing the length of the lever arm. In addition, Locator attachment system has self-aligning feature and has dual retention (inner and outer).It come in different colors (white, pink and blue) and each has different retentive value. [18] [19] [20] Novel stud-type attachment called Novaloc was introduced in 2016, based on mechanical retention from a polyetheretherketone (PEEK) matrix on a cylindrical patrix, that may be more resistant to wear than the nylon used in other attachment systems. The abutments also receive an amorphous diamond-like carbon surface coating that minimizes roughness and is intended to enhance resistance of the attachment components. The Novaloc® attachment however demands very little space, since the female part is only 2.3mm high and 5.5mm in diameter. Thus, the Novaloc® attachment is one of the smallest suitable attachments available. An in vitro study was conducted to evaluate longterm retention of PEEK matrices compared to the traditional Locator system and shows promising results. 21 For success of implant-retained overdentures, it is important to control stresses transferred to the bone surrounding the implants through different prosthesis design, type, material, occlusion, and attachment configuration. The correct selection of attachment system is critical for uniform load distribution between the implant and the underlying residual alveolar ridge to minimize its resorption. 22, 23 To evaluate the stress distribution in the periimplant bone, Different methods are used as photoelastic analysis, strain gauge, and finite element analysis. 3D Finite Element Analysis (FEA) is a precise method for evaluating the amount and pattern of stress distribution in dental structures which has many advantages over other methods. FEA is a reproducible, repeatable and non-invasive technique that could easily simulate any biological condition in pre-, intra-, and postoperative stages. The technique is applicable to linear and nonlinear as well as solid and fluid structural interactions. 24, 25 Many authors have used FEA to study the influence of different attachment on the bone integrity of implant-overdenture. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Based on this finding, the aim of the present study was to evaluate the stress distribution around narrow-diameter titanium-zirconium implants retaining mandibular overdenture with novel Novaloc attachment system in comparison with traditional locator attachment using 3 D finite element analysis.
MATERIALS AND METHODS
The current finite element analysis simulates a clinical situation where an edentulous mandible was restored with an implant retained overdenture on two implants placed in the canine region. Based on previous studies [27] [28] [29] , two finite element models were prepared specially for this study as follows: The finite element models' components as the overdenture, mucosa, caps, attachments, cortical and cancellaus bones were created on "Autodesk Inventor" Version 8 (Autodesk Inc., San Rafael, CA, USA), then exported as SAT files. These components were assembled in ANSYS environment (ANSYS Inc., Canonsburg, PA, USA). Where, the designs of the implant and of the attachment systems were taken from the manufacturer data. The system analyzed in this investigation consisted of the commonly available root form threaded dental implant of 3.3 mm wide, composed of Ti-Zr alloy (Roxolid Standard Tissue Level implant, Straumann) with a length of 12 mm. The locator attachment (Zest Anchors, Escondido, CA) is commonly used, while Novaloc (Valoc, Möhlin, Switzerland), is a new novel model with PEEK matrix insert and carboncoated abutment (Figure 1 ). The implants were placed perpendicular to the horizontal plane. Where, perfect osseointegration was assumed to be presented between implants and bone. All materials were assumed to be isotropic, homogenous and linearly elastic and its properties are listed in Table1. Set of Boolean operations between the modeled components were performed before obtaining the complete model(s) assembled. Meshing of these components was done by 3D brick solid element "Solid-185" which has three degrees of freedom (translations in main axes directions) the resulted numbers of nodes and elements are listed in Table   2 , and samples for these meshed components are presented as screen shots from ANSYS screen in Figure 2 . The lowest plane of each model was considered as fixed nodes in the three directions as a boundary condition. Three loading conditions were tested for each model as 100N vertically and 50N oblique at 30º and 45º angle, where loads to be applied in the molar region. Linear static analysis was performed on a personal computer (Intel Core i7 processor, 2.4 GHz, 6.0 GB RAM), using commercial multipurpose finite element software package (ANSYS version 14.0), that results of these models were verified against similar studies [27] [28] [29] . 
RESULTS
The locations and values of stresses under both vertical and oblique loading conditions were detected in the implant-abutment complex, cortical bone, cancellous bone, mucosa, resilient caps and prosthetic overdenture. All stresses and deformations appeared on all elements were within acceptable and physiological limits. Figure 3 demonstrates sample of components stresses on Locators attachment system under oblique load (30º) of 50N. While Figure 4 illustrates screen shots from finite element package for stress and deformation distributions on Novaloc attachment system under vertical load of 100N.
Although the value of oblique loading cases was about half the value of vertical loading cases it showed more sever stresses on bone.
Overdenture showed the maximum deformation and stresses around the applied load zone (molar area). It seems that the overdenture did not affected by changing attachment system from locator to Novaloc. While minor reduction (about 0.3 to 0.5 micron) in overdenture deformation was recorded with Novaloc system.
Generally mucosa was insensitive to attachment system. Similar to cortical bone, spongy bone also received little more stresses with Novaloc system, where these values still within physiological limits ( Figures 5 and 6 ).
Implant complex with Novaloc received more stresses in comparison to locators while all values were far from yield and endurance limits of Titanium.
Flexible caps behavior in both systems indicated its lifetime and maintenance periods estimation. PEEK caps with Novaloc system received less stresses when compared to nylon ones with locators system. 
DISCUSSION
The results of this study showed that the Von Mises stresses generated by the application of vertical and oblique loads varied according to the type of attachment connected to the implant.
All stresses and deformations appeared on all elements were within acceptable and physiological limits. This is possibly related to the low profile design of the locator and Novaloc attachment which played a role in dissipating occlusal loads through the abutment to the implant fixture in a more favorable distribution and magnitude. Furthermore, the damping effect of the resilient cap in both attachments which tend to optimize stress distribution over the implants retaining the overdenture.21,37-39
The results of this study showed that bone (cortical and spongy) was in sensitive to change the attachment type. Similar result was noticed under vertical load for overdenture and mucosa, while a slight reduction in deformations were recorded by Novaloc attachment system. This may be attributed to the nearly similar geometric design of both attachments. Novaloc attachment deformed about 0.3 to 0.4 micron if compared to locator. Location of maximum deformation was the tip of the attachment towards the applied load. Such small deformation was referred to the increase in rigidity of the flexible cap, while reinforcing the abutment by the carbon coating could increase its hardness and resistance to wear . 21 Although the value of oblique loading conditions was about half that of vertical loading but it showed more sever stresses on bone with both attachments which came in corroboration with other studies 40, 41 who reported high bending stresses with lateral loading. Mucosa and overdenture were insensitive to changing attachment type.
On the other hand, about 8 to 10% more Von Mises stress was noticed on bone under oblique loading with using Novaloc system which was decreased to less than 1% under vertical loading, But generally all bone stresses values were within physiological limits. This difference could be attributed to the more rigid nature of the Novaloc PEEK matrix and the more retentive forces noticed with Novaloc attachment in comparison to the traditional locator attachment. 21 This finding was in accordance with Takeshita et al 42 who reported that the retentive forces of an attachment system influence stresses generated in the peri-implant bone during loading.
In the present study, Novaloc implant complex received about 50% more Von Mises stress than locators one. However, these stresses were far away from yield point and endurance limit of Titanium which ensured lifetime usage of such systems without failure. In addition, metal housing with Novaloc system received from 5 to 25% more Von Mises stress, while it was within acceptable range for Titanium. This finding seems to be due to the cushion effect of the nylon cap of locator attachment, which tend to dissipate and absorb the induced stresses transmitted to the attachment implant complex than the more rigid PEEK matrix of Novaloc attachment.
Flexible caps were relaxed with Novaloc system under oblique loading, that it received less Von Mises stress by about 25% in comparison to locator system. The Von Mises stress value was doubled under vertical loading with Novaloc system if compared to locators. However, the yield strength of the PEEK material is much higher than that of locator nylon cap and could withstand these stresses. Accordingly, Longer flexible caps lifetime was expected for Novaloc system that means longer time between maintenance visits. These results are in line with Kleis et al, who reported a higher rate of maintenance for Locator systems in comparison to ball attachments in mandibular 2-implant overdentures and observed that the most frequent prosthetic complication of the locator attachments was the change of the plastic insert due to retention loss 43 .
CONCLUSIONS
Within the limitations of this in-vitro study it may be concluded that locator attachments may provide little less stress on the bone surrounding implants in implant retained overdenture than did the Novaloc attachment. However the lifetime of the flexible caps may be longer for Novaloc system in comparison to locator ones, that means longer time between maintenance visits.
Although the bone received about 8 to 10% more stresses with Novaloc system, the stress values were within physiological limits.
